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INTRODUCTION

Colorado Model Content Standards for Science

The Colorado model standards presented here specify what all smdents should know and be zble to
do in science as a result of their school studies. Specific expectations are given for students
completng grades K-4, 5-8, and 9-12. These standards reflect high expectations and outline the
essental level of science knowledge and skills nesded by 21l citizens to participate productively in
our increasingly technological society. Some suggestions are also offered for those studeats who
elect to extend their sudy of science beyond that specified in these content standards, based on
thetr particular interests, motivation, career goals, and peeds.

In 1992, the National Committee for Science Education Standards and Assessment (NCSESA),
which directed the National Research Council’s development of K-12 narional science education
standards, issued guiding principles for its work. This statement provides useful perspective on
the purpose and evenmal use of Colorado model science content standards:

“In pardcular, the commitment to *Science for All’ implies inclusion not only of
those who traditionally have received encouragement and opportunity to
pursue science, of women and girls, all racial and ethnic groups, the physically
and educationally challenged, and those with limited English proficiency.
Further, it implies anrention to various styles of learning and differing sources
of motivation. Every person must be brought into and given access to the
ongoing conversation of science.” )

NCSESA, 1952

In thar spirit, these model science standards define the level of science knowledge and proficiency
that all Colorado students should gain in their schoo! swdies. The goal is to have stdents apply
scientific informarioa and processes to practical problems in an ethical and safe mapner.

The view of the nature of science conveyved in these content standards can be summarized through
this excepted material from Science for Al Americans, published by the American Association for
the Advancement of Science in 1990: ' .

Science presumes that the things and events in the universe occur in consistent patterns that
are comprehensible through careful, systemic study. Scientists believe that through the use
of the intellect, and with the aid of instruments that extend the seases, people can discover
pamterns in all of nawre. Science is a process for producing knowledge. Change in
scientific knowledge is inevitable because new observations may challenge prevailicg
theories. In'science, the testing and improving and occasional discarding of theories,
whether new or old, go on all the time. However, the modification of ideas, rzther than
their outright rejecdon, is the norm in science, as powerful conszucts tend to survive and
grow more precise and to become widely accepted. Continuity and stability are as
characteristic of science as change is, and confidence is as prevalent as tenzariveness.

The numerica] order of the six science content standards does not imply any pardeular judgmeats
regarding their relative importance or teaching priorites. In fact, 25 the documsnt emphasizss,
Standards 1. 5. and 6—relazing to sciendiic investigations. applications. and connsctions—should
be addressed through teaching subject manar from the physical. lLife, and earth/space scisnces
(Standards 2. 3. and 4). Even though the six science content stanéards are identified separately.
hey represeat interconnected expectations for smdents.
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The organization of these content standards into six categories does not imply that standards-based
science must be taught in separate units or courses that carry these particular dies. The studen:
proficiencies in science can be supported within courses orzanized in 2 variery of ways, ranging
from integrated and interdisciplinary approaches, to instruction built on major scieatific themes, ag
well as more conventional subject- or discipline-specific approaches. Regardless of how science
instruction is organized, these model standards specify the core knowledge 2nd skills thar ali
students should acquire.

Even though these science content standards represent high expectations for all students, they can
reached only if students are provided appropriate science Instruction at all grade levels. If K«

burden on both those teachers and their sdents, These standards are set with the expectation that
science-Telated activites will occur at aif grade levels—from initial explorations in kindergarten
through increasingly organized and focused science instruction in higher grades.

These content standards were developed by 2 group of experienced Colorado science educators
whose efforts have been guided—at Jeast in pan—by relared work at the national level focused on
defining what all students should know and do in science. The Benchmarks from the American
Association for the Advancement of Science’s Project 206] and draft reports from the Narional
Science Education Standards Project at the National Research Council have besn particularly useful -
and influential. Refersnces to those documents and to others consulted are listed on page S-28.
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Colorado Model Content Standards For Science
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Colorado Model Content Standards .
SCIENCE

1. Students understand the processes of scientific investigation
and design, conduct, communicate about, and evaluate such
investigations.

)

Physical Science: Students know and understand common
properties, forms, and changes in matter and energy.

3. Life Science: Students know and understand the
characteristics and structure of living things, the processes of
life, and how living things interact with each other and their
environment. ' '

4. Earth and Space Science: Students know and understand the
processes and interactions of Earth’s systems and the structure
and dynamics of Earth and other objects in space.

Students know and understand interrelationships among
science, technology, and human activity and how they can
affect the world.

W

6. Students understand that science Involves a particular way of
knowing and understand common connections among =
scientific disciplines.

Coloredo Cortent Swanderds Alopted 5-10-95; Amended 11-9-95 Science - §
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STANDARD 1:

Students understand the processes of scientific
investigation and design, conduct, communicate about,
and evaluate such investigations. ‘

RATIONALE

In everyday life, we find ourselves gathering and evalucting informarion (data), noting ard
wondering abow parierns and regularities, devising and testing possible explanations for how
things work, and discussing ideas with others. These characteristically human activities mirror in
marny ways how scientists think and work. Scientific investigation ( inquiry) often begins with a
question or problem and usually ends with further questions 1o investigate. Such invesrigarions
may include long-term field sudies and are not limited to direct experimentarion in a lab sering.

They involve the identification and control of variables. Inguiry in the science classroom helps
studenzs develop a useful base of scientific knowledge, commumicated in increasingly mathemariczl
ard conceptual ways as they progress through school. In addition, scientific inquiry stimulates
student interest, motivarion, and creariviry. Designing and conducting invesrigations encourages
swudenss to interpret, anclyze, and evaluate what is known, how we know i1, and how scienrific
questions are answered. The Jomowledge and skills related 1o scientific tnquiry enable studenrs 10

wrderstand how science works, and are powerjul ways for students w build their undersianding of
the scientific facts, principles, conceprs, and applicazions that are described in the other science
conten: standards, particularly standards two, three, and Jour. To comprehend the world arour.d
ther, swudents need opporunities 1o pursue questions that are relevant to them and to learn how: 1o
conduc: scientific investigarions. Some scientific inguiries can only be investigated by the use of
models since actual events are not repearchle.

GRADES K4

In grades K4, what smdents know and zre able to do includes

*  asking questions and stating predictions (hypotheses) that czn be addressed through scientific
Investigation; ‘

* selecting and using simple devices to garher data related to an invéstigaﬁon (for example,
length, volurne, and mass measuring t , thermometers, waiches, magnifiers,
microscopes, calcularors, and compuzersy, )

* using dara based on observarions to construct a reasonzble explanation; and

* communicaring about investigations and explanarions.

BEST COPY AVAILABLE

Coloreda Conzen: Stemderds AdopteZ 5-10-95: Amenced 11-9-95 Scierce - 6

12



GRADES 5.8
As students in grades 5-8 extend their knowledge, what they know and are able to do includes
* 1dentifying and evaluating alternarive explanations and procedures:

* using examples 10 demonstrate that scientific jdeas are used to explain previous observations
and to predict funure events (for example, plate tectonics arnd future earthguake activiry);

*  asking questions and stating bypotheses that lead 10 different types of scientific investigations
(for exarnple, experi rion, collecting specimens, constructing models, researching
sciensific lireramyure);

* creating a written plan for an mvestigation;

*  using appropriate tools, technologies, and measurement units to gather and organize data;

*  interpreting and evaluating data in order to formulate conclusions: .

* communicating results of their investigations in appropriate ways (for example, wrirtex reporzs,
graphic displays, oral presentations);

. usingmchImisinmeasming,calculgﬁng,andrcporﬁngmulrs:

* explaining thar scientific investigations sometimes result in unexpected findings that lead
10 new questions and more investigations; and

. g examples of how collaboration can be useful in solving scientific problems and sharing’
findings. -

GRADES 9-12

As studears in grades 9-12 extend their knowledge, whar they know and are able to do im;lud&s

" = asking questions and stating bypotheses, using prior scientific knowledge to help guide their
development;

*  creating and defending a writen plan of action for a scientific investigation;

* selecting and using appropriate technologies to gather, process, and analyze dat2 and to report
informanion related 1 an investigation; )

* identifying major sources of error or uni ry within an investigation (for exarmple.

-

particular measuring devices and experimenzal procedures);

* constuctng and revising scientific explanations and models. using evidence, logic. 2ad
eXperiments thar include idearifying and contolling variables;

~ communicating and evaluating scientific thinking that leads 1o particular conclusions;
 recognizing and analyzing alternarive explanations acd modsls; and

* explaining the differencs berween a scientific theory and 2 scientific hypothesis.

Coloredo Contens Stenderds " Adapted 5-10-95: Amended 11-5-95 Science - 7
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For students continuing their science education beyond the standards, whar they know and are able
to do may include )

* designing and completing an advanced scientific investigation—either individually or as part of
a student team—ithat extends over several days or weeks: and

* continuing to praédce and apply inquiry skills as they extend their understanding of science
content through further smdy. :

BEST COPY AVAILABLE
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STANDARD 2:

Physical Science: Students know and understand
common properties, forms, and changes in matter and
energy. (Focus: Physics and Chemistry)

2.1 Students know that matter has characteristic properties, which
are related to its composition and structure. ~

RATIONALE

Everyone has experience with mazter in a variery of forms. Such experiences help build students’
undersianding of similarities and differences in the properties of mazer. Their personal experiences
help students understand common properties suck as hardness, strength, color, shape, and states
of manier (solid, liguid, and gaseous). Knowledge of observable properties of martter and irs
strucure and composition is helpful in considering marter’s varied uses, availabiliry, and
limitarions in our world.

GRAD K-4
In grades K4, what students know and are able to do includes

* -examining, describing, classifying, and comparing tzngible objects in terms of common
physical properties (for example, sate of mazier, size, shape, texzure, fiexibility, color),

* measuring common physical properties of objects (for example, length, mass, voliame,
temperature); and

* creating mixuures and separating them based on differences in propertes (for example, sal: and
sand, iron filings and soil, oil and wazer). '

GRADES 5-8 _
As smdents in grades 5-8 extend their knowledge, what they know and are zble to do includes

* examining, describing, comparing, measuring, and classifying objects based on common
physical and chemical properties (for example, szates of metter, mass, volume, electrical
charge. temperature, density, boiling poinzs, pH, magnerism, solubility),

* separaung mixrures of substances based on their propertes (for example, solubilizy,
boiling pows. magnetic properties. densiries); '

classifying and describing matter in terms of elements. compounds, mixnres, aioms, and
molecules (for example. copper is an elemenz, wazer is a compound, air is a mixzure); 2nd

13

dsvelopirg simple models to explain observed properties of mane- (for exzmple, using a
particle model 1o accouns for the solubiiiry of a subsience).
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GRADES 9-12

As smdents in grades 9-12 extend their knowledge, what they know and are able to do includes

* examining, describing, measuring, classifying, and predicting common properties of
substances (for example, electrical charge, chemical reactivity, acidiry, electrical
conductivity, radioactivity, relatior:ships in the periodic table);

*  describing and explaining properdes and composition of samples of maner using models
(for example, atomic and molecular strucnure, the periodic wable);

*  separating substances based on their chemical and physical properties (for example, color,
solubtliry, chemical reactivity, melting poin, boiling poinr); and

* using word and chemical equations to relate observed changes in mater to its composition
and stucture.

Page S-13 contains content suggestions for studeats who continue their science study beyond
the scope of this standard.

2.2 Students know that energy appears in different forms, and can
move (be transferred) and change (be transformed).

RATIONALE

Energy is a central concept in science because all physical interactions involve changes in energy.
Studerus need 1o undersiand thar all physical events involve transferring energy or changing one
Jorm of energy into another. When a transformarion of energy 1akes place, some of it is likely to
appear as heat. Knowledge of forms of energy, its transfer and transformation, is essential 1o
interpreting, explaining, predicring, and influencing change in our world.

GRADES K-4
In grades K-4, what smudents know and zre zble to do includes

*  recoguizing that energy (for example, light, hear, motion, sound, mechanical) can affect
common objects and is involved in common events;

+ making observations and gathering data on quantities associated with energy, movement,
and change (for example, distances for a bean-laumcher, rime for a melrng ice cube); and

* comparing quanttes associated with energy movement and change by consmucting simple

dlagrems or chans (for example. grapr: of launch distances, chart of melting time).
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GRADES 5.8
As students in grades 5-8 extend their knowledge, what they know and are able to do includes

* mmeasuring quantities associated with energy forms (for example, temperature, mass,
speed, distance, electrical charge, current, voltage); and

*  describing qualitative and quantitative relarionships, using data and observations and
graphs, associated with energy transfer or energy ransformation (for example, speed of
object vs. height of ramp; length of string vs. pitch of sound: electric current vs. volume of
8as produced in electrolysis, with length of time kept constnz).

GRADES 9-312
As stucents in grades 9-12 extend their knowledge, what they know and are zbie to do includes

*  identfying, measuring, calcularing, and analyzing quantitative relationships involved with
energy forms (for example, heat zransfer in a system nvolving mass, specific heas, and change
m temperature of mater); and

* identfying, measuring, calculating, and analyzing qualitative and quantitative relarionships
associated with energy transfer or epergy transformation (for example, changes in temperature,
velocity, potential energy, kinezic energy, conduction, conveciion, radiazion, voltage, current).

Page S-13 contains content suggestions for smdents who continue their science study beyond the
scope of this standard. '

2.3 Students understand that interactions can produce changes in a
system, although the total quantities of matter and energy
remain unchanged. : : i

RATIONALE

Interactions berween mener and energy accourt for changes observed in everydcy events.
Undersianding how marter and energy mzeract extends studenrs’ knowledge of the physical world
and allows them to monitor and explain a wide variery of changes and to predict future physical
and chemical changes. Students gain both a pracrical and conceprual undersarding of the laws of
corservation of marer and energy.

GRADES K4

In grades K-4. what smidents know ard are able to do includes

*  observing and describing parts of system (for example, water in a closed Jjar, wazer ir. an open
Jar, a planz terrarium);

- describing 2n observed change (for example, a meliing ice cube, crvsal growth, burring
cardie, physical breakage) in terms of siaring condions, type of change, 2ad ending
conditons, using words, diagrams, or graphs; and :
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* predicting what changes and what remains unchanged when maner experiencss an external
influence (for example, a push or pull, cddition or removal of hear, division of clay into
pieces, melting an ice cube, changing a ball of clay 10 a flanened shape).

GRADES 5-8 _

As students in grades 5-8 extend their knowledge, what they know and are able to do includes

* identfying and classifying factors causing change within a system (for example, force, light,
heat); .

* identifying and predicting whar will change and what will remain unchanged when mamer
experiences ag external force or energy change (for example, boiling ¢ liquid; comparing the

force, distance, and work involved in simple machines);

* observing and gathering dara to support the concept of conservation of mass within a closed
sysiem (for example, precipitazion reaction, forming mixures, gas production);

* describing, measuring (for example, temperature, mass, voluwne, melsing point of a substance )
and calculating quantities before and after a chemical or physical change within a system (for
example, 1emperature change, mess change, specific hear);, and

*  describing, measuring (for example, time, distance, mass, force) and calculating quantdes that
characterize moving objects and their interactions within 2 system (for exampie, jorce,
velociy, accelerarion, potential energy, kineric energy).

GRADES 9-12

As students in grades 9-12 extend their knowledge, what they know and zre able to do includes

* identfying, describing, and explaining physical and chemical changes involving the
conservation of manter and energy (for example, oscillating pendulum/spring, chemical
reactions, nuclear reactions};

* observing, measuring, and calculating quantities to demonstrate conservation of matter and
energy in chemical changes (for example, acid-base, precipitation, oxidasion-reduction
reactions), and physical interactions of maner (for example. force, work, power;;

* describing and predicting chemical changes (for example, combustion, simple chemical -
reactions), and physical interactions of maner (for example, velociry, force, work, power),
using word or symbolic equations; and

* describing and explaining physical interactions of maner using conceptual models (for
example, conservation laws of mazzer ard erergy, particle modei for gaseous behavior).

BEST COPY AVAILABLE
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For students continuing their science educarion beyond the standards, what they know and are able
to do may include .

*  relating their prior knowledge and understanding of properties of martter to observable
characteristics of marerials and emerging technologies (for example, semicorduciors,
superconduciors, photovoliaics, ceramics), .

* modeling quantitative aspects of chemical and physical interactions (for example, rates of
reactions, stoichiomertry, electromagneric phenomena, statics and dynarmics,
electrochemistry); '

*  applying knowledge and understanding of chemical and physical interactions to explore
factors thar influence or govern change (f: r example, equilibrion constants, kinerics,
thermodynarnics); and

* distinguishing among different types of conswancy (for example, static and dynamic
equilibrizon, symmetry, uniform/accelerated motion) and different types of change (for
example, qualirarive and quantitarive mrends, cyclic change, chaornic systems).
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STANDARD 3:

Life Science: Students know and understand the
characteristics and structure of living things, the
processes of life, and how living things interact with
each other and their environment. (Focus: Biology--
Anatomy, Physiology, Botany, Zoology, Ecology)

‘3.1 Students know and understand the characteristics of living

things, the diversity of life, and how living things interact with
each other and with their environment.

RATIONALE

As a resul of their study of a variery of organisms and where they live, students gain a berzer
widerstanding of their world. Students have a natural curiosity abowt life and the grear diversity of
organisms. Their curiosity leads 1o the study of organisms and how the organisms interact with
the world Through the study of similarities and differences of organisms, students learn the
tmporzance of classification as a tool used by scientists. In their future as citizens, students will
need to think about and make decisions about the diversity and exzinction of organisms in their
cormmumnities and the world. .

GRADES K4
In grades K-4, what smdents know znd are able to do includes

* distinguishing living from nonliving things;

* classifying a vadety of organisms according to selected characteristics (for example,
backbone vs. no backbone),

*  describing the basic needs (for example, food, wazer, air, shelter, space) of an organism;

* gving examples of how organisms interact with each other and with nonliving parts of

their babitar

GRADES 5.8

As students in grades 5-8 extend their knowledge. what they know and are 2ble to do includss -
° consTuctrg and usiog classificarion systerns based on the sgucture of orgaaisms;

* . describing the importance of plant and animal adaptarions. including locai examples;
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*  creating and interpreting food chains and food webs;

* explaining the interaction and Interdependence of nonliving and living components within
ecosystems; and .

* describing how an environment’s ability to provide food, water, space, and essential
numients determines carrying capaciry.

GRADES 9-12
As students in grades 9-12 extend their knowledge, what they know and are able to do includes

*  using and producing a variety of classificarion Systems for organisms (for example, the
Jive-kingdom classificarion, classification based on benavior);

* predicting and describing the interactions of populations and ecosystems;

* cxplaining how adaptations (for example, structure, behavior) of an organistm determine jts
niche (role) in the environment; ‘

* explaiing how changes in an ecosystem can affect biodiversity and how biodiversity
conwibutes o an ecosystem’s stability; and

. anai)ﬁng the dynamic equilibrium of ecosystems, including interactions among living and
nonliving components (for example, tropical deforestation is linked to decreased global
precipitation; Mown: St. Helens* eruption had tmpact on the local ecosystem).

-Pagc S-20 contains suggestions for smdents who continue their sciencs study beyond the
scope of this standard.

3.2 Students know and understand interrelationships of matter and
energy in living systems.

RATIONALE

From experience, students know thar they must eat food to live. As a result of their saudy of
energy movernent (transfer) and change (transformartion) in living organisms, students understand
that the Sun is the primary and wltimate source of energy for living organisms. They learn why a
constan: tnput of marter and energy is critical Jor life. Photosynthetic organisms are crirical 10 all
organisms and need 10 be maintained. If one or more components are altered in an ecosystern, all
other componens are affected. Through swudying the interrelationships of organisms, students

learn that they can have a critical impact on other organisms.
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GRADES K4
In grades K-4 what students know and are able to do includes

. recognjz’ng that green plants pead energy from sunligh: and various raw materials to live,
and animals consume plants and other organisms to hive; and

*  recognizing the interrelationships of organisms by zacing the flow of maner and energy in
a food chain. ' - =&

GRADES 5.8

As students in grades 5-8 extend their kmowledge, what they know and are able to do includes
*  describing the basic processes of photosynthesis and respiration and their importance to

Life (for example, set up a terrarizon or aquariion and make changes such as blocking our
lighr);

*  comparing and contrasting food webs within and between differeat ecosysterns (for
example, grasslands, nmdra, marine) and predicting the consequences of disrupting one of
the organisms in a food web:;

*  describing ways (for example, digestion, fransport of nurrients by circulatory system) that
mulncellular organisms get food and other marter to their cells:

*  explaining the recycling of materials by determining a pathway of a substance that is
importaat for life (for example, trace wazer through an ecosystem); and

*  describing the role of organisms in the decomposition and recycling of dead organisms (for
-example, bacteria’s role in the decomposition and recycling of marzer from a dead
- animal). '
GRADES 9.12 .
As students in grades 9-12 extend their knowledge, what they know and ars able to do includes

* comparing and contasting the processes of photosynthesis and respiration (for example,
in terms of energy and products);

- explaining how simple molecules can be built into larger molecules within organisms (for
example, amino acids serve as building blocks of proteins; carbon dioxide and water are the
basic materials for building sugars through photosynthesis},

* explaining how large molecules (for example, starch, protein) are broken down into smaller
molecules, serving as an energy source or as basic building blocks in organisms;

*  explaining how caergy is used in the maintenance, repair, growth. and development of
ussues (for example, in the production of new skin cells reguires energy); and

* describing the evcling of marter and the movement and change of energy through the

£cosystem (for example, some energy dissipazes as kear e it is rransjerred through c jood
wep).
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Pagé S-16 contains suggestions for smdents who continue their science study beyond the
scope of this standard. .

3.3 Students know and understand how the buman bedy functions,
factors that influence its structares and functions, and how these -
structures and functions compare with those of other organisms.

RATIONALE

Studenzs are interested in learning about their bodies and how they relate biologically to other
forms of life. The study of structure and Junction, body organizarion, growth and developmen:,
and maintenance of other.organisms enhances students’ wnderstanding of human development,
heclth, and disease. Knowledge of these areas can assist studenzs in making informed choices
regarding mutrition, exercise, and other factors thar bifluence how their body fimctions.

GRADES K4

In grades K-4, whar smdents know and are able to do includes

*  describing human body systems (for example, digestive, respiratory, circulaory,
skeieral, muscular), i o

*  describing the basic food requirements for humans as summarized in the nutrition

*  describing life cycles of selected organisms (for exarmple, frog, chicken, buzterfly, radish, bean
planz).

GRADES 5.8 .

As students in grades 5-8 extend their knowledge, what they know and zre able to do includes

*  describing the observable components and functions of a cell (for example, cell membrane,
nucleus, cytoplasm, chloropiasts; movement of molecules into and ouz of cells);

* comparing and contrasting the basic structures and functions of different types of cells (for
example, single-celled organisms in pond wazer, Elodea, onion cell, huoman cheek cell );

= describing the growth and development of several organisms (for example, embryonic
development of a vertebraze);

*  describing the structures and functions of human body systems: and

*  describing and giving examples of noncommunicable diseases and communicable diseases

- - - .

(for example, heart disease and chicken pozx).

BEST COPY AVAILABLE
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GRADES 9-12 i
As students in grades 9-12 extend their knowledge, what they know and are able to do includes

*  describing cellular organelles and their function (for example, the relationship of
ribosomes 1o protein synthesis; the relationship of mitochondria to energy transformartion);

- differentiating among levels of orgznizarion (cells, rissues, end orgarns) and their roles within
the whole organism:

* explaining human body functions in terms of interacting organ systems composed of
specialized stucmres that maintain or restore hezlth (for example, mechanisms involved in
homeostasis [balance], such as feedback in the endocrine system);

* comparing and conurasting characteristics of and reatments for various types of medical
problems (for example, accidental, infectious, genetic);

«  using examples to explaia the relationship of stucture and function in organisms; and

-+ describing the panern and process of reproduction and development in several organisms (for
example, earthworm, chick, human).

Page S-20 contains suggestions for students who continue their science study bevond the.
scope of this standard.

3.4 Students know and understand how organisms change over time
in terms of biological evolution and genetics.

RATIONALE

Students study the scientific concep: of biological evolugion—the changes in populations of
organisms through time—in order 1o understand diversity and relatedness withiin the living world
Inguiries into evoluzion explain the ways in which natural processes produce life's diversiry.
These studies help students understand thar evolution is the major unifying concept in the
biological sciences and thar it explains a wide variery of observations that can be made abour the
lving world.  In parricular, students see thar the study of evolution initiates guestions abour
biodiversity, adapration, genetics, mutations, the geological record, and the observed uniry ar
molecular and whole-organism levels. This content standard does not define any smuden:
expectarions relaed 1o the origin of life.

GRADES K-4 '
In grades K4, what students know and are zble to do includes

* identifying characteristics that are common to 21l individuals of 2 species (for example,
offspring resemble their parents); . :

* recognizing that there are differences in appearance among individuals of the same
population or group;
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* identifying characteristics of plants and animals that allow them to live in specific
eavironments; and :

* describing examples of extinct organisms based on fossil evidence (for example,
dinosaurs).

GRADES 5-8

As students in grades 5-8 extend their knowledge, whar they know and are able to do includes

* describing the purpose of body cell division and sex cell division;

. = describing the role of chromosomes and genes in beredity (for example, genes conrrol
traizs, while chromosomes are made up of marty genes); and

* describing evidence that reveals changes or constancy in groups of organisms over
geologic time.

GRADES 9-12

As students in grades 9-12 extend their knowledge, what they know_ and are able to do includes

- comparing and contrasting the purpose and process of cell division (mitosis) with the
production of sex cells (meiosis);

* giving examples to show how some trzits can be inherited while others are due to the
interaction of genes and the environment (for example, skin cancer triggered by over-exposure
2o sunlight or contact with chemical carcinogens); :

diversity upon which nanral selection can act;

* describing how mutation, namural selection, and reproductive isolation can lead to new species
and explain the planet’s biodiversity;

* describing how DNA serves as the vehicle for geaetic continuity and the source of genetic

* explaining why variation within a population improves the chances that the species will survive
under new environmental conditions; '

* describing the general structure and function of the gene (DNA) and its role in heredity and
protein synthesis (for example, replicarion of DNA and the role of RNA in protein synthesis);

ana

* calculating the probability that an individual will inherit 2 particular single gene trait (for.
example. calcularing the probability of offspring inheriring cystic fibrosis when both parents
are carriers for the disease). :
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For smdeats continuing their science education beyond the standards, what they know and are able
to do may include -

* describing how, over long periods of time, ecosystems can remain stable and, if altered By
factors such as climaric change, return to stability;

* explaining specializations that allow different types of cells to perform different functions;

* describing how balance (homeostasis) is maintaiped within an organism when its
eavironment is altered (for example, the relationship between blood glucose level and insulin
production; carbon dioxide and oxygen balance in the body);

*  descridbing the role of gene mutations that result in uncontrolled cell division (for example,
cancer); .

* explaining the role of exposure to certain factors (for example, chemnical, biological, rediarion)
that may increase the rate of mutarion, and therefors the incidence of cancer and othc; diseases;

* determining the degree of kinship berween organisms or species from estimations of the
similarity of their nucleic acid sequences, which often closely match classifications based on
apztomical similarites; and

* cxplaining how the rate of environmental change may exceed the capacity of organisms to
respond to change, leading to the extinction of species.

BEST COPY AVAILABLE
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STANDARD 4:

Earth and Space Science: Students know and
understand the processes and interactions of Earth’s
systems and the structure and dynamics of Earth and
other objects in space. (Focus: Geology,
Meteorology, Astronomy, Oceanography)

4.1 Students know and understand the composition of Earth, its
history, and the natural processes that shape it.

. RATIONALE

By studying Earth, its composition, history, and the processes that Shape it, students gain a bezer
understanding of the planet on which they live. Landforms, resources, and naneral events such as
earthquakes, flooding, and volcanic eruptions affect the location of population centers. Life
throughout geologic time has been, and continues to be, affected by changes that occur at a varying
rate on Earth’s surface. Knowledge of the structure and composition of the Earzh provides a basis
Jor making informed decisions. Understanding geologic events, such as earthguakes and volcanic
eruptions, allows students 1o make responsible choices, evaluate the consequences, and predict the
tmpact of funure occurrences. ’

GRADES K4

In grades K4, what students know and are able to do includes

*  describing different types and us'es of Earth materials (for example, rocks, soil, minerals);
° recognizing that fossils are evidence of past life;

* identifying major feanmres of Earth's surface (for example, mountains, rivers, plains, hills,
oceans, plareaus);

*  describing natural processes that change Earth’s surface (for example, weathering, erosion,
mowuain building, volcanic activiry); and

* recogmizing that humans are affected by nanwral events (for example, earthquakes, volcanoes,
floods).
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GRADES 5-8
As students in grades 5-8 extend their knowledge, whar they know and are able to do includes
*  explaining how minerals, rocks, and soils form;

* explaining how fossils are formed and used as evideacs to indicate that life has changed
through time; ‘

* modeling namural processes that shape Earth’s surface (for example, weathering, erosior,
mowrtain building, volcanic activity); and '

* explaining the diszibution and causes of namral events (for example, earthquakes,
volcanoes, landslides).

GRADES 9.12
As students in grades 9-12 extend their knowledge, what they know and are able to do includes
*  describing the composition and structure of Earth’s interior

- using the theory of plate tectonics to explzain relationships among earthquakes, volcanoes,
mid-ocean ridges, and deep-sea trenches;

* using evidence (for example, fossib, rock layers, ice cores, radiometric daring) to investigate
how Earth has changed or remained constant over short and long periods of tme (for example,
Moun: St. Helens' eruprion);

* evaluaring the feasibility of predicting and conrrolling namral events (for example, earthquakes,
Jioods, landslides), and

* analyzing the costs, benefits, and consequences of pamral resource exploration, development,
and consurmption.

Page S-22 contains content suggestions for smudents ‘who conﬁhuc their science smdy beyond
the scope of this standard. _ .

‘4.2 Students know and understand the general characteristics of the
atmosphere and fundamental processes of weather.

RATIONALE

Our Ecrth’s ammosphere is vital 1o life. The Sun ard armosphere aijecr every aspect of our lives,
tncluding work producriviry, food supply, energy use, ransporiarion, recreation, environmenial
qualiry. and humnan health and safery. Weather-related choices we make range from selecting
appropriate clothing 1o more compiex situarions, including preparing for and responding to
hazardous weather. Preparedness and response to weather condizions reguire knowledge of how
energy ransfer influences armospheric changes. The more we kwow abows weather, the greater the
cnemices that we will make informed decisior.s concerning its impect. :

28

Coloredo Conzent Starderds Adopred 5-10-95: Amerdes [1-9-95 Science - 22

REST COPY AVAILABLE



GRADES K-4
In grades K4, what students know and are able 10 do includes
* recognizing that the Sun js a principal source of Earth’s hear and light;

* recognizing how our daily activides are affected by the weather (for example, rypes of
clothing, travel plans, recreational acnviry); and

. describing existing weather conditions by collecting and recording weather data (for
- example, temperanzre, precipuarion, amount of cloud cover),
GRADES 5.8

As students in grades 5-8 extend their knowledge, what they know and are able to do includes

* describing the basic composition, properties, and structure of the atmosphere (for example,
the range and distribution of lemperanure and pressure in the roposphere and soratosphere);

* observing, measuring, and recording changes in weather conditions (for example,
idity, temperature, air pressure, cloud hypes, wind, precipitation);

* explaining how ammospheric circularion is driven by solar heating (for example, the rransfer
of energy by radiation,-convection, conduction); and

* describing large-scale and Jocal weather systems (for example, fronts, air masses, storms).

GRADES 9-12

As smdents in grades 9-12 extend their knowledge, what they know and are able to do includes
* analyzing the structure of, and changes in, thé atmosphere, and its significance for life on )
Earth; .

*  explaining and analyzing general weather panerns by collecting, ploting, and interpreting
datz;

*  describing how energy transfer within the ammosphere influences weather (for example, the
role of conduction, radiarion, convectior., and heat of condensation in clouds,
precipitarion, winds, storms);

*  investigating and explaining the occurrence and effects of storms on human popularions
and the environment; and :

*  describing and explaining factors that may influence weather and climate (for example,
proxmily 1o ocears. prevailing winds, Jossil fuel burning, voicanic eruptions).

Page S-26 contains content suggestions for smid=nts who continue their science study beyond
the scope of this standard. 2 g '
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4.3 Students know major sources of water, its uses, importance, and
cyclic patterns of movement through the environment.

RATIONALE

The world’s water is vital 10 life. Botk subtle and wholesale changes in Earth’s water can have
profound effects on human existence. Ir: order to preserve both the guality and gquantity of water
Jor daily living, wise managemen: of wazer resources is crucial. As the population and economies
of the world grow, wazer becomes an even more imporant péiitical and economic issue. Knowing
the properties of water, its influences on weather, and its availability is necessary for
urderstanding its importance to life. Knowledge of Earth’s oceans is important for an
urdersianding of how they affect weather, climate, and life. I is important 1o understand the
circularion of water because the amount of water on Earth is finite.

GRADES K4

In grades K4, what students know and are able to do includes

*  identifying major sources of water (for example, oceans, glaciers, rivers, groundwater,
armosphere),

*  identifying and describing the states (solid, liguid, gaseous) in which water can be found
on Earth; and -

*  recognizing the importance and uses of water (for example, drinking, washing, irrigating). ‘

GRADES 5.8
As students in grades 5-8 extend their knowledge, what they know and are able to do includes

* investigating and comparing the propertes and behavior of water in its solid, liquid, and
gaseous stales;

*  describing the disaibution and circulasion of the world's water through oceans, glaciers,
rivers, groundwater, and ammosphere; and .

*  describing the compositon and physical characteristics of oceans (for example, currents,
waves, features of the ocean fioor, saiinity). .

GRADES 9-12
As students in grades 9-12 extead their knowledge, what they know and are able to do includes
* idendfying and explaining factors tea: influence the quality of warer pesded 1o sustain life;

* idenufying and analyzing the costs, beasfts, and consequencss of using watsr resourcss;

* explaining interactions betwesz warer and other Earth systerms (for example. the biosphere,
lithosprere, ard comosphere): 2a3

*  explainizg interrelarionships berween e circulztion of oczans 22d weather azd climarte
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Page S-26 contains content suggestions for students who coptinge then- science study beyond
the scope of this standard.

4.4 Students know the structure of the solar system, compeosition
and interactions of objects in the universe, and how space is
explored. .

RATIONALE

Observing the sky has always fascinated human cultures and civilizarions. These observarions
resulted in the development of ways to measure time and predict natural phenomena. All bodies in
space, ircluding Earth, are influenced by forces acting throughout the solar system and the
universe. Studying the universe enhances our understanding of Earth’s origins, its place in the
universe, and its future. Much of what we know about Earth's armosphere and our solar system is
due to space exploration. Modern society benefus from many of the technological advences
developed for space exploration, including robotics, telecommunications, satellites, and
miniaturized components used in computers and other electronic devices. Knowledge of the
universe and past space exploration enagbles people o0 make informed decisions abowz the fiaure of
space explorazion.

GRADES K4 -

In grades K-4, whart smdents know and are able to do includes

* describing what can be readily observed by the unaided eye in the daytime and nightime
sky (for example, the Sun, Moon, planers, siars, consze{lazian:):

* describing the motion of Earth in relation to the Sun, including the concepts of day, night,
and year; i

* recognizing the characteristics of seasons:
* identifying basic components of the solar system (for example, Sun, planets, moons); and

* describing a space exploration eveat such 2s 2 manned or unmannped space mission.

BEST COPY AVAILABLE
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GRADES 5.8
As students in grades 5-8 extend their knowledge, what they know and are able to do includes

*  describing the basic components, composition, size, and theories of ongin of the solar
system; :

* explaining the effects of relative motion and positons of the Sun, Earth, and Moon (for
example, seasons, eclipses, moon phases, tides);

* comparing Earth to other planets (for exarnple, size, composition, relative distance from the
Sun); and

. idéntifying technology needed to explore space (for example, telescopes, spectroscopes,
spacecraft, life support systems).

GRADES 9.12
As students in grades 9-12 extend their knowledge, what they know and are able to do includes

* explaining the causes of and modeiing the varied lengths of days, seasons, and phases of
the Moon;

*  descrbing the effect of gravitation on the motions observed in the solar system and
-beyond;

. desétfomg electromacnetic radiation produced by the Sun and other stars (for example,
X-ray, ultraviolet, visible Lighz, infrared, radio);

* comparing the Sun with other stars (for example, size, color, temperature); and

* identifying and describing the everyday impact of recent space technology (for example,
more sophisticated computers, remote sensing, medical imaging).

For smdents continuing their science educarion beyond the standards, what they know and are

able to do may includg:

* explaining relationships and interactions berwesn living things and Earth systems (for example,
the atmosphere, geosphere, and hydro.s_phere ); :

*  predicting possible climatic changes and their effects based on past and present climatic datz;
* idendfying and predicting nanral hazards, using historical data;
*  describing the life cycle of a star, and

*  describirg evidence that supports past and current scientific theories of the origin of the
univesse.

32

Coiorzdo Conzen: Stzndesés Adopred 5-10-85: Ameried 11.9-95 Saerce - 26

ERIC AEST COPY AVAILABLE




STANDARD 5:

AN

Students know and understand interrelationships among

science, technology, and human activity and how they
can affect the world.

RATIONALE

Our world is shaped in mamy ways by scientific advances, technology (involving applicarions of
science), and humar activiry. Science and technology provide useful connections between the
natural world and the designed world. Since the invention of stone rools, technological
applications have provided, and will conzinue to provide, humans the abiliry to modify their
environment. Because scientific advances and technology affect all of Earth’s living and
non-living systems, it is vital thar smudents understand the tnzerrelarionships of scierce, technology,
GRADES K4

In grades K-4, what smdents know and are able to do includes

*  recognizing the diversity of resources provided by the Earth and Sun (for example, soil,
. Juels, minerals, medicines, food), '

* inventing a device that addresses an everyday problem (or task), and communicating the
problem (or task), design, and solution; :

*  describing resource-related activities in which they could participate that can benefit their
communites (for example, recycling, wazer conservation ); and

¢ identifying careers that use science and technology.

GRADES 5-8
As students in grades 5-8 extend their knowledge, what they know and are able to do includes

* investigating and describing the extent of human uses of repewable and non-renewable
resowrces (for example, forests, fossil fuels); '

*  describing advantages and disadvantages that might accompany the introduction of a pew
technology (for example, mourtain bikes, celiular telephones, pagers):

*  describing how the use of technology can belp solve an individual or community problem
(for example, using cazalytic converters on awtomobiles 10 help reduce air pollution); 2nd

* describing bow people use science and technology in their professions. '
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GRADES 9-12
As smdents in grades 9-12 extend their kﬁowledge, what they know and are able to do includes

* apalyzing benefits, limitations, costs, and consequences involved in using technology or
resources (for example, X-rays, agricultural chemicals, natural gas reserves),

* analyzing bow the introduction of a new technology has affected or could .aﬁt;ct buman activity

(for example, inventior. of the telescope, applications of modern telecommumications )

* demonstating the interrelationships betwesn science and technology (for example, building
a bridge, designing a bener noning skoe); and

* explaining the use of technology in an occupation.

For students continuing their science education beyond the standards, what they know and are able

to do may include _ )

* 2pplying their knowledge and understanding of chemical and physical interactions to
cxplain;resent and anticipated technologies (for example, lasers, wtrasound,
superconducting materials, photocopy machines); and

* exploring the scientfic and technological aspects of contemporary problems (for example,
issues related to ruarition, air quaiiry, narueral resowrces).
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STANDARD 6:

Students understand that science involves a particular
way of knowing and understand common connections
among scientific disciplines. '

RATIONALE

Huwman societies have long asked questions about, observed and collected daza on, and offered
explanations for nawral phenomena. Scientific evidence and knowledge are distinguished from
other ways of knowing and other bodies of knowledge in terms of the criteria that must be metr.
These criteria include the use of ampirical standards and rules of evidence, a logical structure,
rational thoughi, questioning, and openness 1o criticism. Scientific disciplines differ from one
another in what is studied, techniques used, and outcomes sought. They share a cormmon
purpose—to explain and predict events and phenomenc—and offer strategies t0 solve defined
problems. Scientific knowledge is dynamic. Although some scientific theories have withszood
the test of time and are stll used, other knowledge claims have been altered by new scienzific
evidence. Change, continuity, and suability are characteristic features of science.

Albthough acquiring scientific knowledge of laws, concepts, and theories is central to learning
science, it does not necessarily lead to an understanding of how science itseif works. Studens
need 1o understand that science works by weaving different aspects of science together so thar
they reinforce one another. To bring coherence 10 seemingly diverse sets of ideas or facts
involving natural phenomena, scientific themes such as change, systems, models, and
organization are highly useful. Themes can encompass and connect large quantities of basic
data and evidence in science and can be used 1o bitegrate science with other disciplines.

GRADES K-4

In grades K~4, what smidents know and are able to do includes

* recognizing that when a science experiment is repeatad with the same conditions, the
expenument generally works the same way;

. comparing knowledge gained from direct expetience 10 knowledge gained indirectly (for
example, collecting data about studen: heighrs in their class and comparing the results to
semilar daza collected in another class or school);

* identifying observable pauerns and changes in their lives and predicting fumure events based
on those panerns (for example, seasonal weather pamermns);

* describing and comparing the components and interrelatonships of a simple system (for
example, tracing the conzinuous fiow of wazer through an cguarium, filter, and pump); and

* comparing a mode! with what it represeats (for example, comparing ¢ map of the school 10
the acrual school; a model of the Earth to the Eartk: izself).
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GRADES 5.8

As students in grades 5-8 extend their knowledge, what they know and are able to do includes

explaining why a controlled experiment must have comparable results when repeated;

iving examples of how scientific knowledge changes as new knowledge is acquired and
previous ideas are modified (for example, through space exploration);

describing contributions to the advancement of science made by people in different cultures
and at different times in history;

identifying, comparing, and predicting varizbles and conditions related to change (for
example, climate, population, motion);

identifying and illustrating namiral cycles within systems (for example, water, planetary
motion, geological changes, climate); and ,

using 2 model to predict change (for example, computer simulazion, video seguence, stream
wable).

GRADES 9-12
As smdents in grades 9-12 extend their knowledge, what they know and are able to do includes

evaluating print and visual media for scientific evidence, bias, or opmmion;

explaining that the scientific way of knowing uses a critique and consensus process (for
example, peer review, openness 1o criticism, logical arguments, skepticism);

using graphs, equations, or other modsls to analyze systems involving change and
constancy (jor examnple, comparing the geologic time scale 10 shorzer time frames);

ana2lyzing and comparing models of cyclic change as used within and among scientific
disciplines (for example, wazer cycle, circular motion, sound waves, weather cycles);

identifying and predicting cause-effect relationships within 2 system (for exzmple, the eject
of temperature on gas volumne, effect of carbon dioxide level on the greenhouse effect,
efjects of changing nutrients ar the base of a food pyramid);

identifying and describing the dvnamies of nature! systems (for example, weather systems,

ecologica! systems, body systems, systems at dynamic equilibrium);

identfying and testing a model to analyze systems involving change and constancy (for
exarnple, a mathemarical expression for gas bekhavior; consoruczing a closed ecosystem such
as an aguariom);

explaining an exponeadal model (for example, pH scale, populcrion growtk, Rickhter scalz);
and

refining 2 hypothesis based on 2n accumulzrion of dara over time (for example, Alvarez's
tneory on dinosaur exrinction: ).
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" For students coxéﬁnuingtheh'sdenéaedzzaﬁonbcyondthe standards, what they know and are
able to do may include

= relaring small-scale phegomena to large-scale properties (for example, intermolecular forces
related 10 physical properties); znd * s

* tracing the development of an invention, theory, or discovery to demonstrate the dynamic
pature of science.
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